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Abstract. Lake Singkarak is the largest lake in the West Sumatra Province, Indonesia. It provides
multiple benefits, one of which is in the fisheries sector, where the endemic bilih fish (Mystacoleucus
padangensis) is a leading domestic product. The bilih fish serves as a source of fishery economic activity.
There has been a decline in fisheries production, as evidenced by the overfished exploitation rate, and
the diminishing population abundance. The current situation necessitates data and information regarding
the carrying capacity of fisheries in Lake Singkarak to assess and develop optimal and sustainable
management strategies. This research aimed to investigate the existing conditions of water quality
parameters and conduct a carrying capacity assessment for bilih fish as baseline data for bilih fisheries
management. This research employed a descriptive exploratory design. Field surveys and laboratory
analyses were conducted to identify the biological parameters of the water at six sampling locations.
Carrying capacity analysis was utilized to estimate primary productivity following the Beveridge Index,
using chlorophyll-a calculations. The average primary productivity was determined to be 274.89
gC/m?/year, and the carrying capacity of fisheries was estimated at 2,398.86 tons of fish/year. Potential
fisheries management strategies include the development of community-based fisheries reserves and
the regulation of fishing practices through the specification of appropriate catch sizes and
environmentally sustainable fishing gear.
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Introduction. Lake Singkarak is a productive inland water fishery ecosystem in West
Sumatra, Indonesia. It serves multiple functions, including tourism, fisheries, power
generation, and irrigation. Lakes function as transitory reservoirs within the hydrological
cycle, acting as stabilizing elements amidst the dynamic flux of rivers that supply and
drain them. This stability facilitates the development and maintenance of diverse habitat
structures, establishing intricate planktonic systems. The resulting ecological system
supports trophic interactions, with plankton occupying a foundational position in the
aquatic food web. Plankton serve as essential primary producers and food sources in
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aquatic ecosystems, supporting populations of fish. This crucial role enables the efficient
transfer of energy throughout the aquatic food chain (Moss 2015). Lake Singkarak is
home to a notable edible endemic herbivorous fish species Mystacoleucus padangensis
(Bleeker, 1852), commonly referred to as bilih fish, which has played a significant
societal role for decades. Bilih fish is characterized by its high nutritional content and
economic value, contributing to the welfare of communities surrounding the lake.
However, recent observations indicate a decline in the fish population, accompanied by a
reduction in the mean length of specimens caught (Syandri et al 2011). The mortality
rate due to fishing activity reached 4.86, indicating a strong likelihood of
overexploitation. The exploitation rate (E) of 0.54 suggests that fishing activity is at an
optimal level; however, it possesses a high potential for overfishing if sustainable
fisheries management efforts are not implemented (Amanda et al 2016). Furthermore,
this species is listed as Vulnerable under criteria B1 according to International Union for
Conservation of Nature (IUCN) (Lumbantobing 2020). This situation has arisen due to
several factors, including inadequately managed fishing pressures, the capture of gravid
fish, alterations in water quality, significant dependence of fishing communities on this
resource, and the absence of established community-based conservation efforts for this
fish species (Syandri 2008).

Modern fisheries management primarily focuses on regulating fish exploitation.
This encompasses establishing fishing regulations, implementing measures to protect and
enhance fish stocks, promoting sustainable fisheries development, and addressing
stakeholder conflicts (Hildén 1999). Moreover, additional crucial interventions include
regulating fishing practices with respect to closed seasons, designating fishery reserve
areas, and implementing fish restocking programs (Syandri et al 2011; Gunarto 2009).
This management process involves governmental authorities, local communities, or
private rights holders, with the objective of balancing ecological sustainability with
economic and social requirements in aquatic ecosystems (Hildén 1999). Fisheries
management plays a crucial role in preserving the long-term sustainability of the
endemic fish resources of Lake Singkarak. To elucidate the implementation process,
various approaches for maintaining fish resources exist, one of which is the valuation of
carrying capacity. Carrying capacity is a fundamental concept for ecosystem-based
management, which aids in establishing the upper limits of aquaculture production given
the environmental constraints and social acceptability of aquaculture (Ross et al 2013).
The carrying capacity of water refers to the highest sustainable fish production level
achievable within specific aquatic environmental conditions (Siagian 2010). Alternatively,
the carrying capacity of natural waters in fisheries represents the upper limit of fish
production that can be accommodated by the ecosystem (Legovi¢ et al 2008).

Despite the extensive and diverse research conducted on Lake Singkarak, studies
specifically addressing its fisheries carrying capacity remain notably absent. This gap
represents a critical limitation in understanding the ecological thresholds that regulate
fishery exploitation within the lake. The present study aims to fill this gap by developing
a quantitative assessment of fisheries carrying capacity, thereby providing essential
scientific evidence to support monitoring frameworks and guides in the implementation of
sustainable and optimal fisheries management strategies in Lake Singkarak. This
research seeks to evaluate the current state of water quality parameters and assess the
ecosystem's carrying capacity for Mystacoleucus padangensis (bilih fish). The results will
provide crucial baseline information for designing and implementing effective
management strategies for bilih fisheries, while maintaining resource sustainability and
ecological balance.

Material and Method

Description of the study sites. The research was conducted in Lake Singkarak, West
Sumatra Province, Indonesia, which is geographically located at 0° 36’ 44.17" S - 100°
32’ 21.14" E. Primary and secondary data were collected during the field survey in
October 2022. Water quality sampling was conducted at six locations (Figure 1) around
the Lake. Physical and chemical parameters measured at near-surface level included
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temperature, depth, turbidity, pH, conductivity, current, dissolved oxygen (DO), and total
dissolved solids (TDS) using a Horiba WQC U-50 (Horiba, Japan) water quality checker.
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Figure 1. The location of water quality and chlorophyll-a sampling, Lake Singkarak, West Sumatera,
Indonesia.

Data collection on fishing gear. Information on fishing gear used to catch bilih fish
was obtained through direct field observations and informal semi-structured interviews
with local fishers conducted during the sampling period. The respondents were active
fishers in the study area, and the interviews aimed to identify and document the fishing
gears used for harvesting bilih fish. Based on this approach, three main fishing gears
were identified: gill nets, traditional traps locally referred to as alahan, and lift nets
equipped with light.

Analysis. The biological parameters assessed were chlorophyll-a concentration and fish
diversity. The chlorophyll-a samples were obtained using a vacuum pump from six
locations with three repetitions, resulting in a total of six samples. The analyses were
conducted according to APHA methods (APHA 1998). To assess the diversity of fish
species, all fish captured using a lift net during field observation and landing records were
identified in situ based on a fish identification book by Kottelat et al (1993). The total
number of fish specimens collected was 297 from four sampling sites.

The lake carrying capacity can be determined utilizing various scientific
methodologies, including chlorophyll-a, dissolved oxygen, or total phosphorus
calculations. For this study, we employed the determination of the carrying capacity of
Lake Singkarak through chlorophyll-a calculation to elucidate the primary productivity in
Lake Singkarak. Phytoplankton, a primary producer and natural food source in aquatic
environments, contains significant concentrations of chlorophyll-a (Aryawati & Thoha
2011). Primary productivity (ZPP) is calculated using the maximum chlorophyll-a
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concentration (De Silva et al 2006). Chlorophyll-a concentration is utilized to predict
primary productivity based on the formula of Smith (2007):

Z pp 83" Chla'3?
~ 9+ 1.15 * Chlal-33

Primary productivity is converted to calculated annual fish production based on
conversions presented in Table 1 (Beveridge 1984). Additionally, the estimation of
production potential as carrying capacity was estimated using the formula derived from
Boyd (1990):

Y = 1.43 + 24.48X, — 0.15X2

where Y is fish potential production (kg/ha/year) and Xc is chlorophyll-a concentration
(mg/m?3).

Table 1
> PP conversion of fish production that can be harvested in waters with different primary
productivity
PP (gC/m?/year) Annual fish production (g fish C/m?/year)

< 1000 1.0-1.2
1000 - 1500 1.2-1.5
2000 - 2500 2.1-3.2
2500 - 3000 3.2-2.1
3000 - 3500 2.1-1.5
3500 - 4000 1.5-1.2
4000 - 4500 1.2-1.0
> 4500 0.8-1.0

Results. Water quality sampling was conducted in the areas proximal to the lake's
shoreline, which were assumed as bilih fish (Mystacoleucus padangensis) habitat as
described by Suryanti et al (2017). The results of water quality observations in October
2022 are presented in Table 2. Sampling locations were situated less than 1 km from the
lake shoreline. Variations in parameters among stations were substantial, likely due to
water column mixing induced by strong winds, a phenomenon known locally as "bangik
water".

The near-surface water temperature ranged from 24.4°C to 28.4°C (mean
27.5°QC), aligning with the optimal temperature range from 25°C to 32°C for tropical fish.
The pH varied from 6.3 to 8.1 with a mean of 7.6, conducive to bilih fish reproduction
and breeding. Turbidity and chlorophyll-a levels were increased at most sites, particularly
in places exposed to severe wind-induced mixing. Chlorophyll-a concentration ranged
from 2.8 to 11.8 pg/L, classifying Lake Singkarak as eutrophic. This aligns with previous
assessments (Susandra et al 2014; Pratiwi et al 2020).

Table 2
Lake Singkarak water quality at the sampling location
Parameter Stations
1 2 3 4 5 6
Depth (m) 6.9 1.8 0.8 1.1 2.8 4.6
Temperature (°C) 27.8 28.1 28.1 28.4 27.9 24.4
pH 6.3 7.9 8.1 8.1 7.9 7.6
Conductivity 269 166 174 183 190 233
Turbidity 2.7 4.1 3.6 5.0 4.2 2.5
DO (mg/L) 8.7 8.6 7.9 8.5 8.3 2.9
Chlorophyll-a (ug/L) 5.9 4.3 9.5 11.8 11.3 2.8
AACL Bioflux, 2026, Volume 19, Issue 3. 1019
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Fish diversity and catch production. Numerous fish species can maintain populations
and growth rates that allow for sustainable harvesting, which is vital for both the
ecosystem and fishing-dependent communities. Recent observations identified 6 species
of fish and one crustacean, namely bilih fish (Mystacoleucus padangensis), belinka
(Puntius belinka), hampala (Hampala sp.), marble goby (Oxyeleotris marmorata), pao
leiurus (Tetraodon leiurus), Nile tilapia (Oreochromis niloticus), and freshwater blue claw
crayfish (Cherax quadricarinatus). The dominant catch was the bilih fish. The limited
number of fish species observed was attributed to the prevailing weather conditions
during the sampling period, which resulted in decreased fishing activity. The diversity of
fish species exhibits a declining trend, as evidenced by previous studies: 19 species
reported in 2008 (Syandri 2008), followed by 9 species in 2009 (Herlan et al 2009), and
12 species in 2021 (Safitri et al 2021).

Fishing activities are conducted daily utilizing various types of fishing gear.
Interviews with fishers' groups identified three fishing gears employed to catch bilih fish:
gill nets, traditional traps locally referred to as alahan, and lift nets with light. The
operational time for gill nets is in the morning (05:00 - 07:00), alahan (morning and
evening), and lift nets with light (23:00 - 04:30). The mesh size utilized for gill nets
ranges from s to 34 inches. Concurrently, fishing gear operated with a smaller mesh size
may also capture smaller or immature fish. Additional studies indicate that the fishing
gear operating in the lake includes gill nets (46.2%), cast nets (49.3%), and fish traps
(4.5%) (Batubara et al 2015).

Potential fish production is needed to determine fish stocks in the waters. This
study used the chlorophyll-a value approach and primary production conversion to obtain
the potential fish production (Boyd 1990). The concentration of chlorophyll-a in water
exhibits a positive correlation with productivity (Figure 2). The potential fish production of
Lake Singkarak is estimated to reach 176.88 kg/ha/year or 1,929.43 tons/year. To
ensure the sustainability of fish resources in Lake Singkarak, the annual catch should be
limited to a maximum of 60% of the total potential production. Consequently, the annual
catch should not exceed 1157.657 tons/year.
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Figure 2. Value of chlorophyll-a and primary productivity in Lake Singkarak (October 2022).

Carrying capacity of fisheries. The carrying capacity was calculated based on primary
productivity analysis, which is a function of chlorophyll-a. Chlorophyll-a concentration is
used to measure phytoplankton biomass, which is related to primary productivity in
aquatic systems. The mean chlorophyll-a concentration was 7.59 pg/l, and the primary
productivity calculated was 274.89 gC/m?/year. The conversion results derived from the
efficiency conversion table yielded a value of 0.8%. Given a lake area of approximately
109,082 ha, the production capacity, according to the current carrying capacity, was
determined to be 2,398.86 tons/year (Table 3).
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Table 3
Carrying capacity assessment of Lake Singkarak

Parameter Value Unit
Primary productivity 274.89 gC/m?/year
Fish productivity 0.80 %
Fish production 219.91 g fish C/m?/year
Carrying capacity 2,398.86 tons of fish/year

Discussion. Singkarak Lake's waters provide ideal habitat for bilih (Mystacoleucus
padangensis) populations. The temperature and pH values are within ideal levels for
tropical freshwater fish and support spawning and growth processes. The lake's condition
is classified as eutrophic, with a rise in chlorophyll-a levels indicating sufficient nutrient
enrichment to maintain primary productivity.

Table 2 shows that near-surface water temperature conditions at all sampling
times and locations, except for station 6, were within the same range as the
measurements reported by Purnomo et al (2003), which were conducted nearly two
decades earlier and indicated that the water temperature remained relatively stable for
20 years. The current study demonstrates that the temperature range tends to be lower
compared to the previous study of Syahroma et al (2022). The water temperature range
in this study spanned from 24.4°C to 28.38°C, with a mean of 27.5°C. Bilih fish exhibit a
preference for temperatures ranging from 26.0°C to 28.0°C (Kartamihardja 2019).
Although the water temperature tends to be low, it remains within the optimal
temperature range of 25°C - 32°C for tropical fish (Mulyanto 1992).

The pH range observed was 6.3 - 8.1, with a mean value of approximately 7.6.
The pH measurements indicate that the water conditions exhibit a tendency towards
alkalinity at stations 2, 3, 4, and 5. These four stations are subject to high-velocity
winds, which induce water column mixing, thereby influencing the pH values. The mixing
condition of the water column resulted in increased water turbidity, as evidenced by
elevated turbidity values in stations 2, 3, 4, and 5. The results obtained in May 2022
indicated that the pH of Lake Singkarak ranged from 8.89 to 9.24 (Syahroma et al 2022).
The observed average pH value of 7.30 indicates neutral water conditions, which are
generally suitable for freshwater fish, including bilih fish, and may support their
reproduction and breeding (Nofrita 2017). The optimal pH range for the growth and well-
being of most freshwater aquatic organisms is between 6.5 and 9.0 (Novotny & Olem
1994; Zaniboni-Filho et al 2002). The agitated condition of the water column was
supported by higher turbidity and chlorophyll-a values observed at four stations.
However, chlorophyll-a at station 2 did not follow this pattern. These values were higher
compared to the other two stations, namely stations 1 and 6, which exhibited relatively
lower turbidity and chlorophyll-a concentrations.

The chlorophyll-a concentration serves as one of the aquatic variables indicatives
of trophic status. In Lake Singkarak, the chlorophyll-a concentration ranges from 2.75 to
11.76 ug/L, with a mean value of 7.59 ug/L (Table 2). According to the Trophic State
Index (TSI), the chlorophyll-a concentration of Lake Singkarak is classified within the
eutrophic category (Pratiwi et al 2020). This index value aligns with the findings of
research conducted by Susandra et al (2014), which demonstrates that the chlorophyll-a
value ranges from 96.63 ug/L to 103.40 pg/L; consequently, the trophic status of Lake
Singkarak waters is categorized as mild eutrophic. Furthermore, H8kanson and Bryhn
(2008) delineated the level of water trophic status into four classifications based on
chlorophyll-a values. Waters are considered oligotrophic if the chlorophyll-a value is < 2
Mg/L, mesotrophic if chlorophyll-a is between 2-6 pg/L, eutrophic if chlorophyll-a is
between 6-20 pg/L, and hypertrophic if chlorophyll-a is > 20 pg/L. Based on this
classification system, the waters of Lake Singkarak are categorized as eutrophic.

The observed fish ecosystem is dominated by the endemic bilih fish, and species
diversity has declined over time. The diversity of fish species exhibits a declining trend,
as evidenced by previous studies: 19 species in 2008 (Syandri 2008), followed by 9
species in 2009 (Herlan et al 2009), and 12 species in 2021 (Safitri et al 2021). These
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conditions are susceptible to collapse as a result of overfishing or environmental changes.
In addition, using of small mesh gear raises the risk of harvesting juveniles and small
fish, potentially disrupting recruitment and causing stock depletion in the long term.

Estimating potential production is essential for determining the optimal utilization
and management of fish resources for long-term sustainability (Purnomo et al 2013).
Chlorophyll-a concentration serves as one method for estimating primary productivity
(Sutomo et al 1989). Furthermore, elevated levels of chlorophyll-a and productivity
indicate a higher carrying capacity (Riyono et al 2006). The chlorophyll-a data was
utilized to calculate the potential value of fish production using the formula presented by
Boyd (1990). Based on chlorophyll-a measurements, the potential fish production in Lake
Singkarak is estimated at approximately 176.88 kg/ha/year, or 1929.428 tons/year. This
value differs significantly from the estimated potential production in 2009, which was
only 50.92 kg/ha/year (Herlan et al 2009), and approximately 23.86 kg/ha/year in 2014
(Susandra et al 2014). The disparity in results is attributable to variations in sampling
coverage. However, to ensure the sustainability of fish resources, the landing should be
adjusted to 60% of total potential production (Kartamihardja 2007). Consequently, the
annual catch should not exceed 1,157.657 tons/year. Based on the chlorophyll-a value,
the estimated potential for fish production in Lake Singkarak is 4,663 tons/year, and
based on the biomass of phytoplankton, the potential for fish production is 21,852
tons/year (Aini et al 2023).

The carrying capacity is defined as the maximum fish abundance that an aquatic
ecosystem can sustain over an extended period, influenced by temporal factors, the
water body volume, and the amount of waste loaded into the aquatic environment. The
fundamental principle of natural fisheries is based on water capacity, including the
physical, chemical, and biological conditions. The capacity is related to natural fisheries
relying entirely on the natural food chain and do not utilize any chemicals derived from
artificial feed sources. Carrying capacity estimates are based on primary productivity and
chlorophyll-a concentrations. The correlation between chlorophyll-a and primary
productivity is positive. This is as shown in other lakes, such as Lake Maninjau and Lake
Cilala in Indonesia (Nurdin et al 2020; Novita et al 2015). These studies confirm that
chlorophyll-a concentration is closely correlated with primary productivity, but this
relationship may vary depending on a variety parameters like as the inorganic turbidity,
the synergistic effect of heavy metals and nutrients, and the monitoring location and
depth (von Westernhagen et al 2010). These ecological factors introduce uncertainty into
the coefficients utilized for estimating primary productivity from chlorophyll-a
concentrations. This uncertainty may result in potential inaccuracies in the prediction of
carrying capacity. Additional validation of these coefficients in Lake Singkarak, through
direct measurement of photosynthetic rates and nutrient cycling, would enhance the
reliability of the carrying capacity estimate. Studies (Beveridge 1996) emphasize the
significance of calibrating these models to local conditions to ensure robust management
strategies. Based on the results it is shown that the current carrying capacity of Lake
Singkarak is 2,398.86 tons/year (Table 3). This finding is comparable to the previous
calculation in 2011, which reported 2,245.92 tons/year (Berkademi 2011). However, an
alternative study employing the surplus production calculation (Fox model) estimated the
environmental carrying capacity at 53,589.44 tons/year (Heri et al 2002). Purnomo et al
(2013) asserted that carrying capacity is dependent on the dynamics of water level,
surface area, and volume.

Fishing activities exert significant influence on ecosystems, including alterations in
the biomass of fish species within the food web, thereby affecting trophic interactions
(Pauly et al 2000). The bilih fish (Mystacoleucus padangensis) represents the
predominant species harvested in Lake Singkarak. Interactions between bilih and other
species in the lake influence the ecosystem's carrying capacity from a community ecology
perspective. As a pelagic species dependent on zooplankton and phyto-plankton, bilih
engages in resource competition with other species occupying the same trophic niche.
Moreover, spatial competition may impact resource utilization efficiency and potentially
reduce carrying capacity. Ecosystem-based approaches that consider interspecific
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relationships and environmental factors are crucial for sustainable management, such as
the holistic ecosystem model proposed by Pauly et al (2000).

Fish production exhibited fluctuations from 2013 to 2019 and demonstrated a
declining trend. The average catch, particularly for bilih fish, decreased by approximately
6% annually, and the exploitation rate (E) was 0.819 (Herlan et al 2009), indicating an
overfishing condition. The mean utilization rate of bilih fish during 2013 - 2018 was
94.53%, which signifies that the exploitation rate was at an overfishing level (Heri et al
2002). Previous research Herlan et al (2009) revealed that fishing mortality exceeded
natural mortality. This finding suggests that the reduction of the bilih population in Lake
Singkarak is predominantly influenced by fishing activities. Furthermore, the results of
the vulnerability study indicate that the vulnerability status of bilih fish is classified as
high (Triharyuni et al 2022).

Several management strategies could be implemented to regulate the bilih
fishery, including stock enhancement, effort control, and habitat management. Fish stock
enhancement is necessary to increase fish production. Stock enhancement can be
achieved through the development of culture-based fisheries (CBF) practices, such as
stocking, habitat manipulation improvement, and the establishment of fisheries reserves
(Welcomme 2011; Lorenzen et al 2000). Moreover, a study by Purnomo et al (2003)
indicated that fisheries management efforts in Lake Singkarak were conducted through
fishing management initiatives, habitat management via the creation of reservations, and
fish population management through restocking/stocking (Syandri et al 2011).

A fish stock enhancement program has been implemented by local universities in
collaboration with relevant government institutions. However, it has not elicited a positive
response from the local community (Purnomo et al 2006). This condition is attributable to
the outcomes of stocking programs that have not achieved their intended objectives, the
excessive associated costs, and insufficient community participation (Koeshendrajana et
al 2005). Consequently, the development of community-based fisheries reserves and the
regulation of fishing practices through the determination of appropriate catch sizes and
environmentally sustainable fishing gear are proposed as potential management
strategies for the bilih fishery. This alternative management approach aligns with the
study conducted by Warsa et al (2020). These management initiatives are anticipated to
enhance the economic value and maintain the sustainability of fish resources in Lake
Singkarak.

Conclusions. The fisheries carrying capacity of Lake Singkarak is 2,398.86 tons of fish
per year. The exploitation rate of bilih fish (Mystacoleucus padangensis) has exceeded
sustainable levels. Fisheries management is necessary to ensure the sustainability of bilih
fish in Lake Singkarak by integrating ecological knowledge with practical management
strategies. The development of community-based fisheries reserves and the regulation of
fishing through the determination of appropriate catch sizes and environmentally
sustainable fishing gear can be considered as options to maintain bilih fish resources. The
establishment of community-based reserves involves the engagement of local
stakeholders, identification of critical habitats, and implementation of legal and
institutional frameworks. Criteria for environmentally sustainable fishing gear should
prioritize the minimization of undersized fish catch, reduction of habitat disturbance, and
assurance of the long-term sustainability of the bilih population.
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